Animal and human wastewater can potentially contaminate water sources and the treatment of drinking water may not effectively remove all contaminants, especially viruses. The purpose of the present study was to evaluate the viral contamination of water used for human and animal consumption in the city of Concórdia, located in southern Brazil. Porcine circovirus type 2 (PCV2), porcine adenovirus (PAdV), human adenovirus (HAdV) and human norovirus (NoV) were searched for using quantitative polymerase chain reaction (qPCR). HAdV-positive samples were tested for viral infectivity by plaque assay. The qPCR results showed that PAdV, PCV2 and HAdV genetic material were present in all sampling sites. NoV was absent in all samples. The presence of genetic material from PAdV and PCV2 was detected in 30% and 45% of the 36 analyzed samples, respectively, with an average of 10 2 gc mL -1 for PAdV and 10 4 gc mL -1 for PCV2. HAdV was present in 100% of the samples, with an average of 10 4 gc mL -1
The swine population in Brazil is estimated to be approximately 35 million, making the country the fourth largest producer (3 million tons/year), fourth largest exporter (600,000 tons/year) and the sixth largest consumer (11-13 kg/inhabitant/year) in the world. Swine production in Brazil is concentrated in the southern part of the country (Kunz et al. ) ; the city of Concórdia, located in Santa Catarina state, south of Brazil is the main swine producer in this region. Swine facility water usage and manure production has consequently increased significantly.
Considering these factors, the present study aimed to evaluate the contamination of different water sources used for human and animal consumption in the city of Concórdia by PCV2, PAdV, HAdV and NoV GI and GII using quantitative polymerase chain reaction (qPCR), and to study the HAdV viability using a plaque assay.
METHODS Water samples
Two liters of water from six different sites in Concórdia (Santa Catarina, Brazil) were collected monthly from August 2010 to January 2011. The collection points were chosen to represent most of Concórdia city and neighborhood as well as different water sources for human and animal consumption. The following sampling sites were selected: (A) water after conventional treatment followed by chlorination used for swine consumption; (B) water after conventional treatment followed by chlorination from a tap used for human consumption; (C) surface water without treatment used for swine consumption; (D) water from Pinhal River, which crosses many swine production farms; (E) groundwater collected from a tap located at a school; (F) water from Jacutinga River, which is uptaken and treated for population supply, including the site B. Samples were transported on ice and stored at 4 W C until concentration on the following day.
Concentration and nucleic acid extraction
All the samples had the pH adjusted to 5.0-6.0 and were subsequently filtered and concentrated as described by Katayama et al. () , where 25 mL MgCl 2 (2.0 M) was added to 2 L of water sample and filtered through a negative membrane (Nihon Millipore). The membrane was washed with H 2 SO 4 (0.5 mM, pH 3.0) and eluted with 11 mL NaOH (1.0 mM, pH 10.0). Additionally, a centrifugation step (1.500 × g for 5 min at 4 W C) using the Centriprep ® YM 50 (Millipore) filtration system was performed, and samples were concentrated in a final volume of 4 mL and stored at 
RT-PCR
A reverse transcriptase reaction (RT) was performed to generate cDNA for NoV detection using random primers in the presence of reverse transcriptase enzyme. The reaction was performed in a final volume of 25 μL, containing 5.0 μL ribonucleic acid (RNA). After RT, the samples were subjected to qPCR to quantify specific NoV genomes.
Quantitative PCR Table 1 lists the sequences of primers and probes used for HAdV, NoV GI and GII, PAdV and PCV2 genome quantification as well as annealing temperatures using the TaqMan assay. All amplifications were performed in a StepOne Plus real-time PCR system (Applied Biosystems). Standard curves were generated by using serial dilutions (range 10 0 -10 6 ) of known amounts of linearized plasmids containing a specific region of each virus. The genome copies (gc) were defined as the mean of the data obtained. Each sample was carried out in duplicate and 10-fold diluted. Ultrapure water was used as the non-template control for each assay.
Plaque assay
The plaque assay was performed for HAdV2 as described by Cromeans et al. () . Briefly, A549 cell monolayers were grown in high-glucose Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 5% fetal bovine serum (FBS) (Gibco), 1.0 mM sodium pyruvate, 10 U mL
penicillin and 10 μg mL -1 streptomycin. Cells were seeded in six-well tissue culture plates at a density of 5 × 10 5 cells/ well and incubated at 37 W C in 5% CO 2 over 24 h. Concentrated water samples, treated with 10 U mL -1 penicillin, 10 μg mL -1 streptomycin and 0.025 μg mL -1 amphotericin B, were diluted in high-glucose DMEM in a non-cytotoxic dilution, and 0.25 mL was inoculated in triplicate onto monolayers that had been prewashed with Phosphate Buffered Saline (PBS). After 1 h of incubation at 37 W C with rotation every 15 min, the inocula were removed and cell monolayers were overlaid with 0.6% Bacto-agar in high glucose DMEM 2X containing 4% FBS, 0.1 mM sodium pyruvate, 10 U mL -1 penicillin, 10 μg mL -1 streptomycin, 26 mM MgCl 2 and incubated at 37 W C for 7 days. After this period, the agar overlay was removed, cells were stained with 20% Gram's crystal violet and plaques were counted macroscopically once the stain was removed.
RESULTS AND DISCUSSION
From August 2010 to January 2011, 36 water samples were harvested from rivers, groundwater and treated and untreated water sources. After concentration and nucleic acid extraction, qPCR was performed to quantify viruses.
The average PAdV, PCV2 and HAdV genome copies per L (gc L -1 ) of original water samples found at each sampling sites are listed in Table 2 . , ranging from 1.14 × 10 6 to 9.86 × 10 8 gc L ) and three for PCV2 (average of 2.14 × 10 7 gc L -1 ). It is known that enteric viruses lose viability in groundwater due to several factors including temperature, dissolved oxygen, pH, turbidity, chloride concentration, conductivity 
CONCLUSIONS
The contamination of rivers and water for human consumption by viable HAdV is concerning, and urgent implementation of more efficient methods for the removal of viruses in sewage treatment and the water supply is necessary. The same principle can be applied to swine manure treatment systems, since they are not enough to eliminate all virus particles. The presence of PAdV and
